The increasing interest in the use of gold salts as chemotherapeutic agents in the treatment of certain diseases (Hartfall, et al., 1937) has made apparent the necessity of an accurate, specific, and sensitive method for the determination of gold in various biological materials. Moreover, the lack of information regarding the metabolism and pharmacology of this element further emphasizes this need. Previous methods have employed either an electrolytic precipitation, a colorimetric reaction, or a titrimetric procedure. The electrolytic methods such as those of Cadwell and Leavell (1919) , and Lombolt (1926) , involve too many technical difficulties to be of practical value. The numerous colorimetric methods (Stanbury, 1932; Leulier, Bernard, and Loisy, 1937) lack both specificity and accuracy. The method of Merejkovsky (1933) seems to be specific and is probably the best, but the large blank from the reagent itself and the inadequate directions of the author make it impossible to duplicate the original results. The iodometric titration first employed by Peterson (1898) and modified most recently by Hansborg (1925) cannot be applied to tissues and blood because the ferric iron present in these substances interferes with the reaction. This difficulty has been overcome by Tukats (1933) by a preliminary precipitation of the gold with oxalic acid. However, this preliminary procedure makes it impossible to apply the method to the determination of very small quantities of gold. Pollard (1937) determined gold after conversion to thZ chloride by titration with hydroquinone using o-dianisidine as an indicator. In order to secure quantitative results it was necessary for other inorganic salts to be absent. This condition was obtained by a preliminary precipitation of the gold from the original substance by use of a hydrochloric acid solution of tellurium saturated with sulphur trioxide. A modification of this method for use with urine (Jamieson and Watson, 1938 ) required large volumes of urine and was limited in sensitivity.
Because none of these methods are entirely adequate, it was thought it would be of value to develop an accurate and specific modification of Pollard's (1937) procedure for the quantitative determination of gold in small amounts of blood, urine, and tissue.
Principle of Present Method
The present method involves the determination of gold by the use of the colour reaction produced by dianisidine and auric chloride in a slightly acid solution buffered with potassium bifluoride. This colour production follows Beer's law and can be quantitatively measured in an Evelyn photoelectric colorimeter. Preliminary digestion by use of sulphuric acid and hydrogen peroxide is necessary to oxidize all interfering organic substances. Since the colour reaction is specific for the chloride or bromide of gold, it is necessary to convert the separated gold to the chloride by aqua regia. All excess sulphuric acid must be previously removed by evaporation to absolute dryness in order to secure a quantitative conversion of gold to the chloride. Likewise after conversion to the chloride, excess aqua regia must be removed because nitrosyl chloride as well as nitric acid produces a colour with dianisidine. Further, the presence of any excess acid will inhibit the production of the final colour with gold chloride. Potassium fluoride and hydrochloric acid are then added to the solution to produce the buffered acid solution. In addition, the fluoride is necessary to prevent the reaction of any ferric iron present with the dianisidine (Kul'berg, 1936 The sulphuric acid fumes are removed by inserting into the neck of the flask a glass tube which is connected through a water trap to a water pump. The flask is cooled, 2 c.cm. of aqua regia are added, and the flask is heated on a micro-burner until the solution is evaporated to 0 2 to 0-3 c.cm. The flask is removed, and while still warm a slow stream of air is introduced into the flask, which evaporates the remaining acid and moisture. During the heating the flask should be 5 to 6 cm. above the tip of the flame to avoid local overheating, which will decompose the gold chloride. After cooling, the precipitated inorganic salts are redissolved by addition of about 75 c.cm. of distilled water. 0 75 c.cm. of hydrochloric acid (I: 4), 8 c.cm. of potassium fluoride, and I c.cm. of dianisidine solution are added to the flask. The volume is made up to 100 c.cm. with distilled water, the flask stoppered, and the solution thoroughly mixedThe solution is then transferred to a colorimeter absorption tube, the tube being filled to within to 2 cm. of the top. After stoppering, the pink colour, which reaches its maximum intensity within 5 to 10 minutes, is read in the Evelyn photoelectric colorimeter, using filter number 440 with a centre setting on the galvanometer of 76. The stoppering of the graduated Kjeldahl flask and absorption tube is necessary to prevent a slight colour development of the reagents in the presence of air.
The same procedure can be applied to blood, using I to 5 c.cm. of plasma; this is placed in a micro-Kjeldahl digestion tube which has been graduated to a 15 c.cm.
volume. The initial digestion requires I c.cm. of sulphuric acid, and the conversion to the chloride is accomplished by 0-5 c. Table 1 ). Reproducibility of results in these tests was excellent. Below the quantity of 5 micrograms of gold there is a significant deviation from the " K value." However, this can be overcome in unknowns by using sufficiently large samples of the substance to give readings in the range of 5 to 300 micrograms, which was the range desired in urine. For blood, however, the desirable range was 5 to 30 micrograms. The blank solution for blood which was diluted to 15 c.cm. contained 0-1 c.cm. of hydrochloric acid
(1: 12), 1 c.cm. of potassium bifluoride, and 0-4 c.cm. of dianisidine solution, gave a centre setting of 760. The " K value " determined for the range (5 to 30 micrograms) was constant, averaging 0-020 (0019 to 0-022). 2 This is analogous to optical density as measured on a spectrophotometer and corresponds to the quantity (2-log 10 of the galvanometer reading).
3 These values are obtained by dividing the photometric density by the amount of the gold in the test solution.
Recovery of Gold from Urine, Blood Plasma, and Tissue The results obtained by the addition of known quantities of gold chloride to various volumes of urine and blood plasma as well as to various tissues are summarized in Tables 2 and 3. In the case of urine, the percentage of recovery varied from 94-2 to 100. The dilution of the urinary digest overcomes any inhibitory effect of inorganic salts on the development of the colour as found by Pollard (1937) . This is well illustrated by our results where the percentage of recovery is approximately the same for 50 c.cm. of urine as in 10 c.cm., although the concentration of inorganic salts is 5 times as great in the former. In blood, however, the error was slightly greater with the range of the percentage recovery being 84 2 to 100. The greatest error in the The specificity of the method in both urine and blood is shown by the colorimeter reading of 76 (Table 2 ) secured for digests of both urine and plasma. This value is identical to that secured with reagents alone. The same specificity is shown in the case of tissues where no gold was found when none was added. These results indicate that the intensity of the colour secured with these materials when they contain gold is due entirely to the presence of the gold and cannot be attributed to the reaction of the dye with any other inorganic salt.
Summary
An accurate and specific microcolorimetric method for the determination of gold by the use of the Evelyn photoelectric colorimeter has been described. The method is based upon the production of a stable red colour by the reaction between auric chloride and dianisidine in an acid medium in the presence of potassium fluoride. The method is applied to the determination of gold in urine and tissues in the range of 5 to 300 micrograms, and to blood plasma in the range of 5 to 30 micrograms.
